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形 MnCO3前驱物，再在 600 °C 高温下煅烧得到形貌保持的 Mn2O3材料。该材料
由粒径 20~100 nm 左右的 Mn2O3 小颗粒紧密堆积而成，表面存在一些孔隙。纺
锤体形 Mn2O3 材料表现出良好的储锂性能，在电流密度为 400 mA g-1 充放电条
件下，循环 180 周后，可逆比容量为 993.1 mAh g-1；当电流密度为 800 mA g-1，
循环 390 周后可逆比容量为 823.8 mAh g-1。但该材料的储钠性能一般，当电流密
度为 50 mA g-1，纺锤体 Mn2O3首次充放电容量分别为 92.5 和 166.6 mAh g-1。在
经过 100 圈充放电后，可逆比容量仅为 32.3 mAh g-1。 
以硬脂酸为碳源，采用固相法合成 Na3V2(PO4)3@C (NVP/C)材料。进一步地，
在NVP/C合成中加入碳纳米管，得到了Na3V2(PO4)3@C@CNT (NVP/CNT)材料。
研究表明制备出的 NVP/C 材料颗粒较大，团聚较为严重；而 NVP/CNT 材料的
颗粒更均一，粒径在 1~4 μm 之间。因此 NVP/CNT 材料的电性能较好，在 1 C 倍
率下循环 300 周后，可逆比容量为 100 mAh g-1。进一步研究 Co2+掺杂对
Na3V2(PO4)3 材料电性能的影响。采用固相法制备了不同掺杂比例的 Na3V2-
xCox(PO4)3（x = 0、0.025、0.05、0.1、0.2）材料。XRD 精修结果表明，Co2+掺入
对材料的晶胞参数影响不大。当 x =0.1 时，材料表现出最佳的倍率性能和循环性
能，在 1 C 时，稳定循环 280 圈后依旧有可逆比容量 97 mAh g-1，10 C 时，可逆




















With the widely application of lithium ion battery, Li and Co resources face the 
problem of shortage. It is necessary to develop new electrochemical energy storage 
systems by using the elements with high abundance. Firstly, we investigated the Mn2O3 
anode material due to its high specific capacity. However, Mn2O3 presents a poor 
conductivity and large volume changes during charge-discharge process. Herein, we 
fabricated hierarchical spindle-like Mn2O3 to address these problem. Then, we studied 
the NASICON structured Na3V2(PO4)3 cathode material of sodium ion battery. The 
electrochemical properties of Na3V2(PO4)3 are improved by the composing with CNT, 
carbon coating and ion doping. The main results are shown as follows: 
The spindle-like Mn2O3 were synthesized by a facile hydrothermal method 
followed by calcination in air at 600 °C, wherein KMnO4 was used as manganese source 
and and L-tryptophan acted as a morphology controlling reagent. The spindle-like 
Mn2O3 is densely packed with small particles with a diameter of 20~100 nm. There are 
some pores on the surface of the material which increase the specific surface area. The 
spindle-like Mn2O3 exhibited a good lithium ion storage property with 993.1 mAh g
-1 
at 400 mA g-1 after 180 cycles and 823.8 mAh g-1 at 800 mA g-1 after 390 cycles. When 
served as a sodium ion battery anode material, the spindle-like Mn2O3 material showed 
an initial charge and discharge capacities of 92.5 mAh g-1 and 166.6 mAh g-1 at a current 
density of 50 mA g-1. It only maintained 32.3 mAh g-1 after 100 cycles. 
The Na3V2(PO4)3@C (NVP/C) and Na3V2(PO4)3@C@CNT (NVP/CNT) 
materials were synthesized by solid-state method, in which the stearic acid and carbon 
nanotube were used as carbon sources. The SEM results showed that the NVP/CNT 
material has a uniform particle size distribution with a particle size of 1-4 μm, while the 
NVP/C material has a larger particle size. The NVP/CNT material exhibited a better 
electrochemical performance with a reversible capacity of 100 mAh g-1 after 300 cycles 
at 1 C. Then the influence of Co2+ doping on the electrochemical properties of NVP 
material were investigated. The results of XRD refinement showed that the Co2+ doping 
has little effect on the cell parameters of the materials.The Na3V1.9Co0.1(PO4)3 exhibits 
enhanced cycle performance and rate performance, with a reversible capacity of 97 
mAh g-1 after 180 cycles at 1 C and 65 mAh g-1 at 10 C. 
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图 1-1 地球上一些元素的丰度对比图[1] 






























表 1 锂元素和钠元素的参数对比[5] 
元素 锂 钠 
相对原子质量 6.9 23 
离子半径 / nm 0.076 0.106 
标准电极电势 / V (vs. SHE) -3.04 -2.74 
比容量 / (mAh g-1) 3829 1165 
碳酸盐价格 / ($/kg) 5 0.15 
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